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MULTIPLE HEAD INDUCTION SEALER APPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a division of U.S. Application Serial No. 09/775,318, 
filed February 1, 2001, entitled Multiple Head Induction Sealer Apparatus and 
Method which is based on and claims priority to United States Provisional Patent 
Application Serial No. 60/229,71 1, filed August 31, 2000, entitled "Multiple 
Head Induction Sealer" which is related to Patent Application Serial No. 
09/138,159, filed August 21, 1998, entitled "Induction Foil Cap Sealer" which is 
a continuation of Patent Application Serial No. 08/966,305, filed November 7, 
1997, now abandoned, which is related to Patent Application Serial No. 
60/030,488, filed November 15, 1996, now abandoned, and also related to Patent 
Application Serial No. 09/693,032, filed October 20, 2000, entitled "Induction 
Foil Cap Sealer", now pending, the entire contents of all are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an induction sealer and more particularly 
to an improved induction sealer that utilizes multiple induction heads to provide 
uniform heating to seal containers and other similar items. 

2. Related Art 

Induction sealing units for sealing, hermetically sealing or tamper-proof 
sealing a container with a foil liner are typically included in conveyor systems for 
high volume applications. These systems usually have flat or tunnel sealing 
heads mounted above a conveyor, which conveyor carries a plurality of containers 
to be sealed into proximity with the sealing head. A discussion of the general 
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principles of inductive sealing is disclosed in pending Application Serial No. 
09/138,159, the entire contents of which is incorporated herein by reference. 

The containers to be sealed are preconditioned to include a foil liner 
disposed over the opening of the container. Usually, the foil liner is held in place 
5 by a screw-on or snap-on cap as is known in the art. Sometimes a wax compound 

and a paper board portion are included above the foil liner. 

Once the preconditioned container is brought within a predetermined 
distance from the sealing head, a coil within the sealing head produces an 
electromagnetic field near the foil liner which is disposed within the cap. The 

10 electromagnetic flux produced by the field causes current to flow in the foil liner 

which heat seals the foil liner to the opening of the container, thus sealing the 
container. The downward force applied by the cap during the sealing operation 
ensures a proper bond between the foil liner and the opening of the container. 
Prior art induction sealing units have aligned the induction heads to be 

15 parallel to the direction of travel of the containers to be sealed. For example, see 

pending Application Serial No. 09/138,159 for a description of an induction 
sealer which aligns the induction head parallel to the workflow direction. As 
shown in Figs. 1 and 2, herein, such a sealer includes a sealing head 1000 
arranged so that an elongated portion is aligned with the direction of workflow 

20 1 100 of a container 1300. As seen in Fig. 2, the head forms a channel 1200 in a 

ferrite core 1400 under which container 1300 travels. The containers 1300 thus 
travel beneath the head 1000 in a channel 1200 created within the ferrite core 
1400 which is oriented parallel to the direction 1 100 of workflow. 

This orientation, while operable, causes certain heating problems. The 

25 magnetic field is generally oriented along the ferrite core 1400 causing a cap 

traveling through the induction sealing unit to experience a substantially 
continuous heating pattern until exiting the unit. This leads to uneven heating. 

In small caps (under 70 mm), this uneven heating pattern does not 
significantly hamper operation. However, when the cap size is large (usually 70 

30 mm or greater), uneven heating of the foil liner causes sealing failures. As a large 

cap approaches the induction field, the leading and trailing edges (the edges that 
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approach the field perpendicularly) become hotter than the edges approaching the 
field in a parallel direction and these "hot spots" continue to heat the entire time 
the container is passing under the head. If sufficient heat is not generated in the 
parallel edges, the container is not sealed properly. 
5 To overcome this problem, the field intensity can be increased or the time 

that the container spends in the field can be increased. In either case, due to the 
uneven heating effect discussed above, the leading and trailing edges can become 
too hot and can actually start to burn. This condition leads to improper sealing as 
well as creating a potential fire hazard. 

10 Another way to overcome this problem is to offset the induction sealing 

unit at an angle with respect to the direction of workflow. This means that 
different parts of the cap will encounter varying field intensity since the field is at 
an angle. While helping, this solution is deficient in at least two respects. First, 
although no point on the rim of the container experiences constant heating, 

15 (depending on the angle of the unit with respect to workflow) regions of the cap 

still tend to over or under heat. A critical balance must, therefore, be achieved to 
produce satisfactory sealing. This makes the sealing unit more sensitive to 
fluctuations in operating parameters such as intensity of the field and time spent 
in the field. 

20 Second, even though offsetting the induction sealing unit helps to 

alleviate the problems associated with uneven heating, it complicates the set up 
and makes operating the unit more difficult. Small variations in the angle can 
require recalibration. Setup is more complicated since the unit cannot simply be 
aligned with the workflow. Additionally, because different size caps respond 

25 differentially, it may require changing the angle of the induction sealer unit each 

time a different size cap, seal (e.g., foil seal) or other container is processed. 

Thus, there is a need for an induction sealing unit that uniformly heats the 
lids or other similar items to be sealed, especially when utilizing cap sizes larger 
than 70 millimeters, which does not require angling even when using different 

30 size caps, seals or other containers and is, therefore, easier to install, maintain and 

operate. 
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SUMMARY OF THE INVENTION 

Accordingly, it has been found that the above deficiencies can be 
overcome in a multiple head induction sealing unit having at least two sealing 
heads. 

5 In one embodiment, each sealing head includes a ferrite core which is 

aligned perpendicular to the workflow direction. An inductive electromagnetic 
field is generated using a conductive coil, which may be a litz wire coil disposed 
proximate to the ferrite cores. The ferrite cores and conductive coil are adapted 
to direct the electromagnetic field towards an object to be heated, such as a foil 
10 used to seal the opening of a container. 

In another embodiment, each sealing head is aligned parallel to the 
workflow direction, but by utilizing multiple heads, the container to be heated is 
exposed to a variable value electromagnetic field which tends to even out the 
heating overall. 

15 The multiple head induction sealing unit may also include a heat sink or 

heat sinks coupled to the housing, where at least part of the ferrite cores are 
bonded or operatively coupled to the heat sink for transferring heat thereto. The 
use of a thermally conductive ceramic material may be used to facilitate the heat 
transfer from the ferrite cores and the litz wire. 

20 The multiple head induction sealing unit may also include air cooled 

ferrite cores with flow-through channels created in them to draw away excess 
heat. 

Other features and advantages of the present invention will become 
apparent from the following description of the invention which refers to the 
25 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there are shown in the 
drawings embodiments which are presently preferred, it being understood, 
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however, that the invention is not limited to the precise arrangements and 
instrumentalities shown. 

Figure 1 is a side view of a prior sealing head showing the head arranged 
parallel with the product workflow. 
5 Figure 2 is a cutaway end view taken along line 2-2 of Figure 1. 

Figure 3 shows a side view of a multiple head induction sealing unit 
according to the present invention. 

Figure 4 is an end view of the multiple head induction sealing unit 
according to the present invention. 
10 Figure 5 is a bottom plan view of the multiple head induction sealing unit 

according to the present invention showing the ferrite cores. 

Figure 6 is a bottom view showing litz wires within the ferrite core 
according to an embodiment of the present invention. 

Figure 7 is a three-dimensional view of a litz wire coil used in an 
1 5 embodiment of the present invention. 

Figure 8 is a side view of another embodiment of a multiple head 
induction sealing unit according to the invention. 

Figure 9 is a bottom plan view of the embodiment of Figure 8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 Referring now to the drawings wherein like numerals indicate like 

elements, there is shown in Fig. 3, a multiple head induction sealing unit 10 
according to the present invention. 

Sealing unit 10 comprises a housing 112 and at least two sealing heads 
132 (three being shown in Fig. 3, although only two are necessary). The 

25 components within housing 1 12 includes a capacitor 120, an intake fan 1 16, an 

outtake fan 128, a transformer 124 electrically connected to the capacitor 120 and 
a power supply 200 electrically connected to the transformer 124. A horizontal 
mounting plate 133 is used to securely anchor the sealing heads 132 to the 
housing 112. 
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Each sealing head 132 includes a litz wire coil 122 mounted within the 
head 132 and is electrically connected to the transformer 124. 

The three sealing heads 132 are aligned side by side. Each sealing head 
132 includes a U-shaped ferrite core 1 14. Each ferrite core 1 14 is secured to the 
5 horizontal mounting plate 133 with a heat resistant epoxy. Each ferrite core 114 

is mounted to the horizontal mounting plate 133 so that the open ends of the 
channel shaped ferrite core 1 14 are perpendicular to a workflow direction 127 
that containers 100 to be sealed move along when passing beneath sealing unit 
10. The containers 100 pass beneath the sealing unit 10 preferably on a conveyor 

10 system 300 that establishes the workflow direction 127. The three side by side 

sealing heads 132 intersect the workflow direction 127 perpendicularly. In other 
words, the sealing heads 132 are oriented 90° or perpendicular to the workflow 
direction 127. By using multiple heads which are rotated by 90°, the 
electromagnetic field is essentially perpendicular to the workflow direction 127, 

15 therefore, the containers 100 are evenly heated as they pass beneath the unit 10. 

The plurality of sealing heads 132 uniformly heat the containers 100 or other 
similar items as they pass under each head 132. Localized heating and cooling 
problems associated with other sealing heads are eliminated. 

In contrast, in prior art sealing units (see Figs. 1 and 2 for example), the 

20 single inductive head 1000 includes a channel 1200 with the open ends of the 

channel 1200 parallel to the direction of the workflow 1 100. 

The multiple head sealing unit 10 of the present invention, can be used to 
reliably seal large containers and other similar items without the "fine-tuning" 
required in other sealing units. This allows the present invention to easily switch 

25 between different size items without changing the orientation of the heads. 

Because the unit uses relatively short multiple heads, rather than one elongated 
head, the size of the unit can be minimized to produce a compact unit that reliably 
seals various size containers, even very large ones. 

Each sealing head 132 is made up of the ferrite core 1 14 and the litz wire 

30 coil 122 proximally disposed within ferrite core 114. An inductive 

electromagnetic field is generated in the litz wire coils 122 which are disposed 
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proximate to the ferrite cores 1 14. The ferrite cores 1 14 and litz wire coils 122 
are adapted to direct the electromagnetic field towards a foil (not shown) used to 
seal the opening of a container 100 with the foil. 

It is preferred that each ferrite core 1 14 be electrically isolated from the 
5 other cores. This is most easily achieved by simply leaving a gap "G" between 

each core 114. Alternatively, an insulating material, not shown, can be disposed 
between cores 1 14 to electrically isolate them from each other. 

Referring to Figs. 4 and 5, although commercially manufactured ferrite 
elements come in many shapes, it is preferred to construct the core from 

10 individual ferrite elements of two shapes: "E"-shaped elements 1 14e and 'T'- 

shaped elements 1 14i. It is preferred to bond individual ferrite elements 1 14e and 
1 14i with an epoxy material to each other and to horizontal mounting plate 133. 
Litz wire coil 122 may also be bonded to core 114 with an epoxy or alternatively 
may be attached with strapping tie downs or any other method of tightly holding 

15 coil 122 against cores 1 14. By building up core 1 14 from these shapes, slots 142 

can be formed within core 1 14 to facilitate cooling. 

By forming core 114 with slots 142, a cooling gas, preferably air, is able 
to be drawn through core 114 significantly increasing the surface area of the 
cooling surface exposed to the cooling air. The extra surface area facilitates the 

20 heat transfer from the core 1 14 to the air 128 which is then exhausted through the 

outtake fan 1 18. The cooling air 128 is drawn in through the intake fan 1 16 and 
is directed down by a baffle 130 and through the slots 143 formed in the 
horizontal mounting plate 133. The slots 143 (formed in horizontal mounting 
plate 133) are aligned with the slots 142 formed in the core 1 14 in order to allow 

25 the air 128 to flow through the core 1 14 to cool it as shown by air flow path 128a. 

Of course, any shape core can be utilized as long as it concentrates the 
magnetic field to a value sufficient to operate properly. Further, although cores 
1 14 constructed of "E"-shaped and 'T'-shaped elements are preferred, the cores 
1 14 may be unitary or constructed of individual elements of different shapes. It is 

30 within the scope of this invention to include any satisfactory ferrite core as long 
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as there are at least two cores mounted side by side and perpendicular to the 
workflow direction 127. 

Additionally, it is known in the art to cool ferrite heads with a liquid, and 
although not preferred, it is within the scope of this invention to include liquid, or 
5 any other means known in the art to cool the ferrite cores. 

In an alternate embodiment, the sealing heads can be of the type described 
in Patent Application Serial No. 09/138,159 entitled "Induction Foil Cap Sealer" 
filed August 21, 1998. In this embodiment, a thermally conductive ceramic 
material may be used to provide a thermally conductive path for heat to be 

10 transferred from the ferrite cores 1 14 to a heat sink 134 (see Fig. 4). If a 

thermally conductive material is used, the slots 142 are filled with a thermally 
conductive material, such as Aremco CERAMACAST™ 510 powder (which is 
mixed with water and applied using directions on container thereof) or other 
suitable materials known in the art. CERAMACAST™ 510 powder may be 

15 obtained from Aremco Products, Inc. or from any of known suppliers. After 

thermally conductive material has been applied to the cores 1 14 (and filling the 
slots 142) a potting material may be used to fill in any gaps between the cores 
114, coil 122 and cover 126. 

In the slot- filled embodiment, it is preferable to use a material which is 

20 suitable for both: (i) providing a thermally conductive medium through which 

heat is transferred from the surface area within slots 142 of ferrite cores 1 14 to 
heat sink 134 and (ii) locking cover 126 to ferrite cores 114 and litz wire coils 
122, thus rigidly maintaining the form of the structure without using a potting 
material. 

25 The operation of the litz wire coil 122 will now be described with 

reference to Figs. 6 and 7. The litz wire coil 122 is operatively coupled to the 
ferrite core 1 14 by winding the coil 122 against the ferrite core 1 14. the litz wire 
coil 122 is used to direct and concentrate the electromagnetic field within the 
ferrite cores 114. Fig. 6 shows a bottom view of a layout of a three-headed unit 

30 with the litz wire coil 122 highlighted. A three dimensional view of a section of 

the litz wire coil 122 is shown in Fig. 7. 
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Preferably, the litz wire coil 122 includes thousands of individually 
insulated electrical conductors surrounded by an insulating sheath not shown, 
made from polyethylene, polypropylene, Teflon, or the like, which also 
electrically insulates the litz wire coil 122 from the surrounding structures, 
5 including the ferrite cores 114. 

The litz wire coil 122 has a very low resistance to the flow of current as 
compared to the copper used to carry the current in conventional induction 
sealers. Of course, any conducting material may be used, but because high 
frequency current tends to flow near the surface of a conductor (known as the 

10 "skin effect"), the use of multi-strand litz wire reduces the resistance of coil 122 

to current flow making it more efficient and requiring less power to operate. The 
use of the litz wire coil 122 also reduces the heat generated by the unit rendering 
it easier to cool. Litz wire having about 4,000 strands of individually insulated 
conductors is available commercially. However, it is preferred that litz wire 

15 having about 10,000 insulated strands therein be used in the litz wire coil 122. 

Such 10,000 strand litz wire can be obtained from any of known suppliers. The 
litz wire coil 122 is sized such that the effective resistance per unit length is only 
about 0.1 to 0.01 of the resistance per unit length of the copper used heretofore. 
Consequently, the heat produced within the litz wire coil 122 (due to I 2 R losses) 

20 is reduced by a factor somewhere between 10-100 times. This allows the 

multiple head induction sealing unit 10 to be air cooled rather than liquid cooled. 

A power supply 200 generates high frequency current within the litz wire 
coil 122 to produce electromagnetic fields of sufficient strength to cause a foil 
liner (not shown) of container 100 (Fig. 1) to heat. The power supply needs to 

25 deliver sufficient power to operate the unit 10 without overheating. 

The present invention may be driven by any appropriate heretofore known 
power supplies (which include control electronics and solid state switching 
components). 

In operation, referring to Fig. 3, the container 100 approaches the multiple 
30 head sealing unit 10 by traveling along a conveyor 300. As the container passes 

beneath the unit 10, the container first passes beneath the initial sealing head 132a 
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and moves perpendicular to a first ferrite wall 210; continues forward in the 
workflow direction 127 and passes beneath an initial channel region 220, then 
approaches a trailing ferrite wall 230; then past the gap G; then beneath at least a 
second leading ferrite wall 240, continuing through a second channel region 25, 
5 then a second trailing ferrite wall 260 and continues the above pattern for each 

head 132 utilized. By moving as described above, the container 100 to be sealed 
experiences a constantly changing electromagnetic field so as to insure that no 
one point is either over heated or insufficiently heated. 

Referring to Figs. 8 and 9, there is shown an alternative embodiment in 

10 which three sealing heads (810, 820 and 830 respectively) are aligned so that the 

open ends of the channel-shaped cores are parallel with the workflow direction 
800 of the containers 100. Gaps G between the cores serve to isolate each core 
from the others. Litz wire coil 840 is disposed against the cores (810, 820 and 
830) to direct the electromagnetic field as discussed above. As the container 100 

15 moves along conveyor 300, container 100 experiences a changing inductive field 

which moderates the formation of hot and cold spots. 

Of course, although the invention is discussed in terms of sealing a 
container having a foil liner and a cap, it would be clear to one skilled in the art 
that other embodiments are possible within the scope of the present invention that 

20 would seal or heat other workpieces, not necessarily containers. The present 

invention works by inducing an electromagnetic field in a workpiece which cause 
that workpiece to heat up. Other embodiments which for example, seal a metal 
container by melting a solder material are within the scope of the present 
invention and merely represent particular uses of the present invention. 

25 The foregoing description of the preferred embodiment of the invention 

has been presented for the purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise form disclosed. 
Many modifications and variations are possible in light of the above teaching. 
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